












Laboratoire de Physique Theorique ENSLAPP
z
Chemin de Bellevue, B.P. 110, F-74941 Annecy-le-Vieux, Cedex, France.
Abstract
FQHE is presented in the form of non-unitary singular transformation, which
relates the Laughlin wave function (and its particle-hole conjugate) to the com-
posite quasi-particle incompressible ground state.
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adress after September 1: Tbilisi Mathematical Institute, Tbilisi 380093, Georgia.
Practically all the essential information about the quantum Hall eect can be






























which describes the incompressible ground state of N
e
spin-polarized planar elec-






, moving in the orthogonal






















, i.e. when p = 0, (1) corresponds to the lowest Landau





function describes the system of mutually interacting particles.
The notion of incompressibility recently was related to the the group of area
preserving dieomorphisms [2],[3], end at a quantum level two-dimensional Hall
uid can be classied by the unitary irreducible representations of the innite
dimensional algebra W
1+1
, where (1) is a highest weight vector [4].
The analytic and algebraic aspects of QHE are supplemented in the physically
transparent way by the Jain's composite electron picture [5]. In this picture
FQHE is related to the system of non-interacting composite particles, consisting











These ctitious magnetic uxes can be associated with the singular gauge




























provides the required amount of magnetic ux [6], but the corresponding ground
state turns out to be compressible and can not be related to FQHE [7].
As an alternative, there exists another gauge potential satisfying (3), the










































has been used in [9] to study the scattering problem for particles obeying braid
statistics, and in [10] to construct the Hamiltonian and W
1+1
algebra generators
for the Laughlin function (1) as a highest weight state.
It is not dicult to notice, that these covariant derivatives can be presented






























































is a singular non-unitary operator. This observation is helpfull in expressing
the wave function and quantum operators for the fractional value of the lling
factor as a similarity transformation of the corresponding quantities for the non-
interacting quasi-particle system.
Remark, that analogous transformations earlier have been introduced in order
to get a consistent perturbative approach to a system of anyons [12],[13] and as
a mapping operator between the ground states with a dierent lling factors
[14],[15].
1
In this note we'll consider the second-quantized version of this transformation.
















end dene the transformed elds












































, where the generator G
p
is a
singular quadratic functional of the density operator
%(x) =  
?
(x) (x) = 
y
(x)(x);
and its explicit form is irrelevant for the present consideration.
1
Interesting to note, that non-unitary similarity transformations recently have been consid-
ered in the context of string quantum gravity, indicating a deep conection between string theory
and incompressible Hall uid [16]
2
It is not dicult to show, that transformed elds obey the normal Fermi
statistics




)g = (r   r
0
)
f (r);  (r
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Following [5] we'll interpret  (r) as the electron eld, and associate (r) with
the composite particles carrying the even (2p) number of magnetic ux quanta.








































In the Fock space where act the operators (r) and 
y
(r), the Hermitian
















It is evident, that the operators  (r) and  
?
(r) are not Hermitian conjugate in






















and its matrix element in the N -particle subspace coincides with the inegration
measure introduced in [9],[10].
The coordinate representation bra- and ket vectors are generated by the action
of the physical electron eld  (r) on the vacuum (which is not changed under
the action of S
p
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(N)   
y
(1)j0i
The quasi-particle eld satisfy the Schrodinger equation for the fermion in the


















contains only the lowest Landau level wave functions. For the disk geometry and
symmetric gauge A =
B
2













































The ground state of HamiltonianH is extremly degenerate. All the N -particle














have the same energy. One can select the particular ground state applying the
Bogoliubov's concept of quasi-averages [17]. Following this method modify the
Hamiltonian by the innitesimal perturbation, which lifts the degeneracy and
nd the unique ground state. After performing the necessary calculations and
taking the thermodynamic limit, the perturbation is switched o, leaving the
results marked by this particular ground state.
In the case under consideration such a degeneracy lifting naturally arises due
to the external conning potential which keeps particles together. This circum-
stance selects as the ground state the state with a minimal angular momentum.
4
It has been shown, that the transition to the states with a higher angular mo-
mentum costs energy [18], promoting the incompressible state of noninteracting
quasi-particles as a unique candidate for the ground state.










Case N = N
B
corresponds to the complete lling of the lowest Landau level.
























where the last factor































is the Slater determinant of one-particle states (9).
Cosequently, the Laughlin function can be dened as a similarity transfor-
mation of incompressible state of N
e





, this state does not correspond to the  = 1 ground state, which for the




in the original Jain's picture it is assumed that the composite particles exactly ll
up the lowest Landau level, or in the other words FQHE is interpreted as IQHE
of bound states.
The spectrum generating quantum operators are related by the S
p
transforma-
tion to the corresponding quantities of the non-interacting quasi-particle theory.
In particular, W
1+1



























































Unlike the conformal eld theory, the generators V
i
n
are bounded from below





; jnj > ig, plus the positive
modes n > i [2] .

















satisfy the W -algebra commutation relations for any integer n 2 Z ; i  0, i.e.
they correspond to the full W
1+1
.


















) states are empty, i.e. they are
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(1;    ; N
e
)
The same wave function reappears considering the particle-hole conjugate
























is a composite hole eld.



























































































































is the charge-conjugate to the connection (5).
The charge-conjugate operators can be used to construct the state vectors for
the lling factors others then (2).
Expand 
c





















and dene vacuum j0
c




















and the state representing N
B










































































































(1;    ; N
B
)
will be the electron wave function for the lling factor
 = 1  
1
1 + 2p























are engaged in the charge conjugate sector of the theory.









), one can relate it to the wave function
corresponding to the lling factor  =
m
2mp+1
































where the mm matrix K
AB











2p + 1 2p ::: 2p
2p 2p + 1 ::: 2p
: : : :
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